The Education through Work for Family Health Program (PET Saúde, in Portuguese) created by the Ministries of Education and Health is a proposal to integrate service, learning and community. The goal of PET Saúde is to foster the formation of learning groups within the Family Health Strategy scope. While being studied at the city of Feira de Santana, the program was structured with one coordinator and eleven tutorial groups, distributed in 27 family health offices, which constituted a social network where the construction and knowledge diffusion occur. This article proposes the analysis of the information and knowledge flows of this network through the social networks analysis. This study highlights the play of PET Saúde's coordinator in the processes of organization and articulation as central vertex of the network, and some scholars in the articulation of different tutorial groups. The results show a fragmentation in the PET Saúde network when the coordinator vertex is removed, whereas 5 components are generated where 4 tutorial groups appear isolated.
Introduction
The Education through Work for Family Health Program (PET Saúde, in Portuguese) is one of the intersectional actions aimed to the integration conduction of service, learning and community, basic axis to the reorientation of education in the health area. The program started in 2009 through a partnership between the Secretariat of Work Management (SGTES), the Secretariat of Health Care (SAS) of the Ministry of Health and the Secretariat of Higher Education (SESU) of the Ministry of Education [1] . It is characterized as one of the actions of the Professional Education Reorientation in Health National Program (Pró-Saúde), which was created in 2005. Pró-Saúde has its perspective on connecting the graduation process with the necessity of Basic Attention, which are essentially translated in Brazil into Family Health Strategy (ESF) [2] .
The general goal of PET Saúde is to foster the formation of tutorial learning groups within the ESF by designating an instrument for the service qualification of health professionals and for the work initiation and experience. The program is directed to the health undergraduate students, according to the Public Health System (SUS) needs, and in the perspective of the service insertion as source of knowledge and research production at the educational institutions [3] .
PET Saúde is used to enable improvement and specia-lization programs for health professionals, and also to initiate the students into the health service practice. This program carries the key concept of reorientation in the health education. After each activity executed, each actor has its attributions defined. The "Coordinator" must follow up all the developed activities in the Program by orienting the tutors and preceptors actions with the student and scholar teams, connecting the local PET Saúde and the State and Municipal Secretariats, and providing the National Program Coordination with semi-annual reports about the work developed by the tutorial groups.
The "Tutor" has a teaching-care supervision function in field and its role is directed to the health professionals linked to the university. These professionals carry the role of reference leader to the health area professionals and/or health students. Therefore, the requirements for the academic tutor are planning and leading bimonthly meetings for the tutorial groups, promoting meetings with the preceptors team for activity evaluation and planning, orienting monitors to the planning and development of education, research and scope activities, maintaining the group interaction through digital technology, supervising the activities developed by the monitors/preceptors in the Health Services, stimulating and supporting the participation of monitors and preceptors in technical-scientific events, attending the Clinical Excellence Centre Applied in Basic Attention meetings and the events promoted by the Program, evaluating the Monitors' Monthly Frequency File, in addition to other administrative attributions.
The "Preceptor" must orient the monitors to the planning and development of the teaching, researching and scope activities at the respective health offices. Also, the preceptor must orient the monitors in the Tutorial Group Biannual Report elaboration, so it can be sent to the respective tutor. Finally, the preceptor must participate with the students in the scientific work elaboration, publication and/or presentation. Each preceptor will be responsible for the learning in service of 02 (two) health graduating students with scholarship and 01 (one) volunteer student.
The PET Saúde's student monitoring is referred to the development of service experiences and research activities under orientation of the preceptor and tutor. It aims at the production and dissemination of relevant knowledge in the health area and the work initiation activities.
The "Scholar" and "Volunteer" must publish or present academic reports in the event of scientific nature, in which they must broach activities or researches done during their participation in the Program. The monitor may execute individual care actions in his/her graduation area and under the preceptor direct supervision.
PET [4] .
The objective of this article is to analyze the information and knowledge flow which occur in this network and discuss the roles taken by the different actors working for PET Saúde, aiming to indentify the actors with more influence in the network. In this work, we take into account as the most influential vertex, one that provides more interaction between network members [5] .
Social Network Analysis
The concept of Social Network is related to a group of social actors (people, organizations, companies or social entities) that is connected through relationships originated by feelings, information/communication, professional relationship, etc. In a social network, these actors are called vertices or nodes. The relations between the vertices are identified as edges or arcs, in case of a directed network [6, 7] .
By analyzing the social network it is possible to identify patterns of performances, cooperation and information flow between people, groups and/or organizations in a given society. These elements are important indicators that can contribute to evaluation and strategic planning actions in both public and private sphere to support the management [8] .
According to [9, 10] , a social network can be analyzed through degree, closeness and betweenness centrality measurements.
The Degree Centrality is related to the number of ties (connections or edges) an actor holds with other actors in the network, indicating the local centrality of the vertex [9, 10] . Consequently, the most centered vertex in the network is the one with the highest degree, in other words, a greater number of connections which are adjacent with other actors in the same network.
In the studied PET Saúde network, the local centrality of the vertex indicates the number of other actors being searched by "Scholars" or "Volunteers" in order to get information to clear doubts and/or problems faced every day. The higher the degree centrality is, the greater the communication flow occurring between this actor and the A. Á. A. DE OLIVEIRA RODRIGUES ET AL.
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other network actors will be. The Closeness Centrality, however, is based on the distance between vertices and it focus on how close an actor is, compared with the other network actors. It is safe to assert that the closeness centrality is conversely related to the distance between the vertices of a network [9, 10] . Consequently, the smaller the distance between a vertex and the rest of the network is, the higher its closeness centrality. In the case of PET Saúde Network, this index indicates with which network actors a vertex (Scholar or Volunteer) has smaller distance when searching for information.
With the Betweenness Centrality it is possible to evaluate the interactions between two non-adjacent vertices at the vertices located in the path between them [9, 10] . Thus, a vertex has high betweenness centrality when it is through the path between many others. In the PET Saúde Network, this centrality indicates the vertex influence at the information and knowledge flow related to the other components forming the network.
By analyzing a network, it is safe to use other indices, such as average degree, diameter, average clustering coefficient, average shortest path, etc. Towards these indices, it is possible to cognize the topology of the analyzed network and to obtain a general view of its structure.
Analysis Method
The theory of the social network was the chosen method for the analysis of the broached data. The Gephi-0.8.1 version and the MS Excel spreadsheet programs were respectively used for index calculation, network views and data tabulation.
The studied network is formed by the PET Saúde tutorial groups, in which actors are designated according to their role in the Program and titled as Coordinator, Tutor, Preceptor, Scholar and Volunteer.
Aiming the information and knowledge flow analysis in the network, as well as the identification of the actors with greatest influence and power, a network was created towards the data collection performed in July 2011. The network was built by means e-mails sent us to 132 scholars and 16 volunteers member of the PET Saúde. This way, in order of preference, they would indicate which of the network members among them searched for problem solution information inside the unit of operation or even for doubt clearing about a procedure, conduct or developed activity in the Program.
One hundred and three scholars and 11 volunteers responded to the email survey. The studied PET Saúde network is a directed network formed by 173 vertices (actors inside the network-tutor, professional, scholar or volunteer) and 281 arcs (connections between the vertices). Information and knowledge flows in studied network are promoted by the arcs that connect vertices "scholar" and "volunteer".
The network was analyzed on the basis of its properties characterized by: number of vertices (V); number of arcs (E); average degree (<k>); diameter (D); average clustering coefficient (C); average shortest path (L); amount of components.
Considering the knowledge and information flow, the actors' performance in the network was evaluated on the basis of the metrics of the degree centrality (DC), the closeness centrality (CC), the betweenness centrality (BC) and the vertex clustering coefficient (CC¹). This coefficient can be defined as the relation between the number of existing edges between the vertices adjacent to the analyzed one and the maximum number of possible edges between these ones. This way, the clustering coefficient indicates how connected the neighborhoods of a vertex are connected [11] .
The in-degree (G e ) and out-degree (G s ) of each vertex were also observed as to identify the most searched actors by the students to get pieces of information. The in-degree of a vertex indicates the number of times the vertex was mentioned; the out-degree, the number of other network vertices mentioned by it.
The experiments were performed in two distinct scenarios. First (Scenario 1), the network was analyzed as a whole (Network 01), based on the received replies. The result was a general view of the PET Saúde network communication flow. Then, a new network based on the Network 01 was generated for analysis. However, the "Coordinator" (Scenario 2) vertex was eliminated for the verification of importance and performance of the "Tutor" and "Professional" actors inside the network.
The complete network (Scenario 1) is formed by 173 vertices and 281 arcs (Figure 1) . The second network generated by eliminating the "Coordinator" vertex (Scenario 2) has 172 vertices and 235 arcs, in five components. This network is presented in the Figures 2 and 3 .
As the second network presented 5 components in the Scenario 2, new experiments were performed with the largest component (i.e. subgraph with the largest number of vertices), which represents 70% of the whole network (not eliminating the vertex "Coordinator"). In Figure 1 , it is possible to observe how the information flow can occur in the whole PET Saúde Network.
In the Figures 1 and 2 , the information and knowledge flow between students and other PET Saúde members is observed.
Result Analysis
According to the Figure 1 and Table 1 , it is possible to observe that the studied PET Saúde Network is a completely connected network when analyzed in Scenario 1, where all the network vertices are found. Also, it holds A. Á. A. DE OLIVEIRA RODRIGUES ET AL.
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The central vertex "Coordinator" single component, and average degree of connections between the vertices of 1.62. However, when the central "Coordinator" vertex is removed, the network is no longer completely connected so it gets divided into 5 components (Figures 2 and 3 The results from Scenario 1 present a strong concentration of information at the person of the vertex holding the coordinator role in the PET Saúde group. This power concentration in a single vertex may designate certain "fragility" in the network, once in case the coordinator is removed from the network topologic structure, it can suffer an information flow discontinuity. Still, this concentration is seen as natural due to the management model defined to the program, where the Coordinator of the Tutorial Groups represents a mediating role among the other network members.
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Nevertheless, it stands out that even though the Coordinator has been the most noticed vertex by the students, it was not named as first preference, but often as last.
When analyzing the complete network, the coordinator presents the greatest value of degree centrality, and this refers to the vertex with greatest influence for the information flow in the network as a whole. In this context, it is observed that the information transits faster between the actors due to the position assumed by the coordinator.
It is important to highlight that the indices of closeness and betweenness centrality were not considered in the analysis of the "Coordinator" vertex position because the network was formed after a research performed among the PET Saúde member students only, and dealing with a directed network, in this case, the indices of closeness and betweenness centrality was 0.
Towards these results, the analysis of the second scenario became interesting for the information flow observation between scholars and volunteers and the other network members, Tutors and Professionals. For being closer to the students, theoretically, both the Tutors and Health Professionals of the PET Saúde network should have a leading role in the professional formation, this way actively working for the information flow requested by the students. However, the results reflect that the practice diverges from the theory, and essentially concerning the "Professional" actor, holder of preceptor role in the network, it does not present the expected influence in the network communication and information flow. To clarify the articulation and role of the diverse actors in the group, experiments with Scenario 2 were performed.
Aiming the analysis of the network position in Scenario 2, only the largest component was considered. It was formed by 70% of the vertices (Figure 2) ; from which 07 tutorial groups form the network. With the creation of Scenario 2, it was possible to analyze the relation between the students and the other network members closely.
While calculating for the Network with the largest component, the importance of the Tutors in the group articulation was verified, through the values corresponding to the degree centralities and clustering coefficient, respectively, 9 and 0.1.
Regarding the Professionals acting as preceptors in the Program and heading the students' graduation, however, degree centralities were lower than the ones presented by the Tutors, and the most emphasized vertices presented its degree centrality equaling 3, yet with no change of clustering coefficient 0.1.
The results show that it is possible to observe that even though the Professionals and Tutors present the same distance between the vertices, the Tutors have the greatest number of adjacent connections as they are more mentioned.
Still referring to the results of the largest component network, another important data to be considered is the fact that indices of degree (5.0), closeness (1.0) and betweenness centrality (4.0 and 3.0) were found "high" at the actors (vertices) holding the role of Scholars in the PET Saúde network, emphasizing the vertices B35, B54, B25, B48, B85 and B86. This means the Network Scholars hold a "certain influence" to the information flow among its pairs.
In Table 2 , details of the centrality indices, clustering coefficient, in-degree and out-degree of the actors that integrate the largest component in PET Saúde network and the most emphasized actors are found.
Another interesting characteristic, and the best example of how the work should be done in the PET Saúde network, was represented by some "Scholar" vertices. They search for information among actors inside a tutorial group that is different from their acting group, turning network integration possible.
Consequently, the vertices B86, B48, B49, B61, B99, B79, B38, B68, B83, B24 and B78 are emphasized. In Table 3 , the results obtained with these vertices are presented.
In Table 2 , it is observed that all the values corresponding to the Closeness and Betweenness Centralities of the "Tutor" and "Professional" vertices, as occurred with the "Coordinator" vertex, equaled 0. This happens because the data collection was only considered between "Scholars" and "Volunteers" integrating the network.
Final Considerations
Through the results and the subsequent analysis, it is considered that the PET Saúde Coordinator performs a central role in the information dissemination and network organization, with a high degree of influence. The coordinator role, besides legal, is strategic in the process of student formation and in the qualification of the professionals working for the health public network, as observed at the information and knowledge flows in the Education through Work for Family Health Program network. This influence of the vertex "Coordinator" is formally established. However, in a real network, the influence of a vertex (i.e. actor) is established by virtue of its position and the relationships between it and the other actors, as observed in this study.
It is important to register that all the Tutors, from the working 11, were pointed out, along with some scholars and the Coordinator as mediators in the network, emphasizing the importance of the "Tutor" actor.
Network dependence is evident in these actors which have shared information among the rest of the group members and have contributed to the health actions realization and to the performance improvement of PET Saúde.
It draws attention that several preceptors were not mentioned in the students' answers, even though they were the first leaders for the student activities follow-up at the Health Services.
This way, the actors' necessity of performance improvement is emphasized, especially the professionals' (Preceptors) that, while working for the network can become a transformation instrument in the health service practices developed at the Family Health Strategy scope, at the process of consolidate the proposition of preparing health professionals and qualifying the basic attention through insertion of graduating students.
Towards the results obtained, it is concluded that the analysis towards the social network theory presents itself as one of the appropriate methods to the comprehension of the PET Saúde network's information and knowledge flow.
Finally, it is important to comment that this work is an ongoing research and initially it was published in the proceedings of the 1st Brazilian Workshop on Social Network Analysis and Mining [12] .
